A new metabolite, 3,16-diketoaphidicolan (1), was isolated together with four known compounds: aphidicolin (2), 17-acetylaphidicolin (3), (+)-eupenoxide (4), and phomoxanthone A (5) from the endophytic fungus Phoma sp. The structure of the new compound 1 was determined by spectroscopic methods (mainly extensive 1D and 2D NMR experiments and by mass spectral measurements) and confirmed by X-ray crystallography. Its absolute configuration was assigned by means of the solid-state CD/TDDFT approach comparing the solid-state CD spectrum with the TDDFT-calculated one on the X-ray geometry.
Almost all vascular plant species examined to date have been found to harbor endophytic bacteria and/or fungi [1, 2] . An endophytic fungus spends the whole or part of its life cycle colonizing the healthy tissues of the host plant, typically causing no apparent symptoms of disease [2] . As a poorly investigated store of microorganisms 'hidden' within the host plants, endophytic fungi are obviously a rich and reliable source of bioactive and chemically novel compounds with huge medicinal and agricultural potential [3] [4] [5] [6] [7] . In our ongoing program to search for novel bioactive compounds from plants and algae from marine habitats [8, 9] , we investigated an endophytic fungus Phoma sp., internal strain number 7210. As a result, one new metabolite 3,16-diketoaphidicolan (1), along with four known compounds (2) (3) (4) (5) (Figure 1) were isolated from the EtOAc culture extract.
The endophytic fungus Phoma sp. was isolated from Aizoon canariense and cultivated at room temperature on biomalt solid agar media for 21 days [10] . The EtOAc extract was subjected to column chromatography; five metabolites (1) (2) (3) (4) (5) were isolated, including one new aphidicolin derivative, 3,16-diketoaphidicolan (1) (Figure 1) . Compound 1 was obtained as colorless crystals with the molecular formula C 19 H 28 O 3 , as deduced from highresolution mass spectral data. Its IR spectrum showed strong absorptions for hydroxyl and keto groups at 3350 and 1720 cm -1 , respectively. The 1 H NMR spectrum (see Experimental) exhibited the presence of two methyl groups at δ = 0.98 (H-18) and 1.21 (H-19) , and a pair of AB doublets at δ = 3.32 (d, J = 11.1 Hz) and
3.65 (d, J = 11.1 Hz) which were assigned to a primary alcohol at position C-17. The 13 C NMR spectrum of 1 showed signals for 19 carbons, and the DEPT spectrum indicated the presence of two methyls, nine methylenes, three methines and five quaternary carbon atoms. Elucidation of the 1 H-1 H COSY and HMQC spectra of 1 enabled the deduction of the fragments -CH(5)-CH 2 (6)-CH 2 (7)-CH(8)-CH 2 (13)-CH(12)-CH 2 (11)-; -CH 2 (1)-CH 2 (2)-and -CH 2 (14)-CH 2 (15)-. In the HMBC spectrum of 1 (Figure 2 ), 13 C-1 H long-range correlation signals were found from H-2 to C-1, C-3, C-5, C-17 and C-18; H-5 to C-4 and C-17, and C-18; H-7 to C-8, C-9, C-11 to C-15, and C-19; H-1 to C-2, C-5, C-6, C-8, C-14, and C-19; as well as from H-11 to C-12, C-13, C-14, C-15. The 1 H and 13 C NMR data of 1 showed a close resemblance to aphidicolin (2), a diterpenoid metabolite previously isolated from Cephalosporium aphidicol [11, review: 12] . However, two main differences were apparent in the spectrum of compound 1. Firstly, the oxymethine signal of CH-3 was missing from the 1 Hand 13 C-NMR spectra of 2 and it was replaced by a downfield signal at δ = 217.8 in the 13 C-NMR spectrum. Secondly, signals for C-16 and C-20 in the 1 H and 13 C NMR spectra of 2 were replaced by a downfield signal at δ = 214.6 in the 13 C NMR spectrum of 1. These differences pointed to a structure containing two keto groups at C-3 and C-16. The X-ray analysis of 1 ( Figure  3 ) confirmed its connectivity and relative configuration. Both structures 1 and 2 were measured with MoKα radiation and showed almost no anomalous dispersion effects (even in the presence of oxygen). Accordingly, the Flack parameter is meaningless and the structures were refined as described in the Experimental.
The absolute configuration of 3,16-diketoaphidicolan (1) was therefore assigned by means of the solid-state CD/TDDFT approach [13] . It consists of measuring the CD in the solid state on a microcrystalline sample and comparing it with the results of TDDFT calculations [14] run using the X-ray geometry as input structure. This method, which has been recently reviewed [13] , allows for quick and reliable absolute configuration assignments and has been especially developed for natural compounds. It combines a fast computational procedure with a good agreement usually observed between the calculation and the experiment. Figure 4a shows the CD spectra measured for 1 both in the solid state (KCl pellet) and in acetonitrile solution. The two spectra are practically superimposable and consist of a negative band between 260-340 nm allied with the n-π* transitions of the two carbonyl groups, which is especially significant in terms of stereochemical information it may contain [15] . A positive tail also appears at shorter wavelengths, probably due to a positive band centered below the measurement cutoff. An input structure for CD calculations was generated from the X-ray geometry of 1, assuming (4R,5R,8S,9S,10S,12R) configuration, upon optimization of the hydrogen atoms with the DFT method at B3LYP/6-31G(d) level. CD calculations were run on that structure using different combinations of DFT functionals (B3LYP, CAM-B3LYP, BH&HLYP, PBE0) and basis sets (TZVP, aug-TZVP) [16] . In all cases, negative rotational strengths were predicted for both n-π* transitions in the 270-290 nm range (depending on the functional), which upon addition generated a week negative CD band. In Figure 4b , the CD spectrum calculated at CAM-B3LYP/ aug-TZVP level is shown where the negative CD band is centered at 280 nm; it also displays a positive band around 180 nm, due to the superposition of several high-energy transitions, whose sign is again consistent with the experimental outcome. Based on the agreement between calculated and experimental CD spectra, the absolute configuration of 3,16-diketoaphidicolan may be assigned as (4R,5R,8S,9S,10S,12R)-(-)-1. This is the same configuration known for the corresponding chirality centers of the related aphidicolin (2) [11] ,
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Natural Product Communications Vol. 5 (8) 2010 1177 which is not surprising based on biogenetic considerations. It is interesting to note that the reported configurational assignment of aphidicolin was based on three different methods: a) the weak anomalous X-ray dispersion of oxygen atoms in the derived bisacetonide 6 ( Figure 5) ; b) the ease of deuterium exchange of 4-H in the derived ketone 7 ( Figure 5 ), related to the β axial orientation of 4-H; c) the comparison of the sign of the n-π* CD band of 7 with that of 4α-methylandrostan-3one [11] . Although the three methods pointed to the same absolute configuration, none of them is free of errors. The present result represents the first assignment of the absolute configuration of an aphidicolin analogue (1) based on the non-empirical interpretation of its CD spectrum, that is, without reference to a different compound [13] . and phomoxanthone A (5) [19, 20] were identified by comparison of their physical and spectral data with those reported in the literature. The structure of aphidicolin (2) was further confirmed by X-ray single crystal analysis ( Figure 6 ).
Aphidicolin (2) was active against the bacterium, Bacillus megaterium (8 mm radius of inhibition) and against the fungus Microbotryum violaceum (6 mm radius of inhibition), in an agar diffusion assay at a concentration of 50 µg [22] . The other compounds were inactive in these tests.
In conclusion, a new aphidicolin derivative, 3,16diketoaphidicolan (1), was isolated from an endophytic fungus Phoma sp. and the absolute configuration of the diketone was unambiguously assigned based the solidstate CD/TDDFT approach. This assignment also confirms the previous conclusions on the absolute configuration of aphidicolin (2) [11] . The co-occurrence of three structurally different classes of metabolites (1-3, 4 and 5) underlines the ability of fungi to use different biosynthetic pathways for the production of secondary metabolites.
Experimental

General experimental procedures:
For microbiological methods and conditions of culture see ref. [21] , for the agar diffusion test see ref. [22] . Melting points were determined on a Büchi SMP-20 melting point apparatus and are uncorrected. Optical rotations were measured on a Perkin-Elmer 241 MC polarimeter. The IR spectra 1178 Natural Product Communications Vol. 5 (8) 2010
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were taken on a NICOLET-510P fourier-transform spectrometer. NMR spectra were run on a Bruker Avance 500 NMR spectrometer with TMS as internal standard. EIMS were obtained on a MAT 8200 mass spectrometer. Silica gel (70-230 mesh) was used for CC. Spots were detected on TLC under UV or by heating after spraying with 0.5 mL anisaldehyde in 50 mL HAc and 1 mL H 2 SO 4 . CD measurement was carried out on a J-810 spectropolarimeter and concentrations are given as mol/dm 3 . Solid-state CD spectra were recorded on microcrystals of 1 dispersed in glassy KCl matrix; for experimental protocol see ref. [13] .
Extraction and Isolation:
The endophytic fungus Phoma sp. was isolated from the halotolerant plant Aizoon canariense from Gomera. It was cultivated at room temperature for 21 days on biomalt solid agar medium. The culture media were then extracted with EtOAc to afford 6.7 g of a residue after removal of the solvent under reduced pressure. The extract was separated into two fractions by column chromatography (CC) on silica gel (100 g), using gradients of dichloromethane / EtOAc (85:15, 50:50, 0:100). The less polar fraction 1 (1.9 g) contained mainly fatty acids and lipids. The remaining fraction was further purified by silica gel column chromatography (CC), preparative TLC and Sephadex (LH-20). This fraction (3.0 g) was separated by CC over 100 g silica gel with n-hexane / EtOAc (10:1, 1000 mL, 5:1, 1000 mL) to give two subfractions A and B. Fraction A (600 mg) was separated by CC over 10 g silica gel with n-hexane / EtOAc (7:1, 550 mL) to give crude 2, 3 and 4. Fraction B (950 mg) was separated by CC over 12 g silica gel with n-hexane / EtOAc (5:1, 450 mL) to give crude 1 and 5. Subsequently, each crude fraction was further purified by preparative TLC chromatography on silica gel (1 mm, Macherey and Nagel) and Sephadex (LH-20) to give compounds 1 (10 mg), 2 (60 mg), 3 (15 mg), 4 (15 mg) and 5 (80 mg).
Assays for Biological Activity:
The isolated compounds were tested in an agar diffusion assay for their antibacterial (Bacillus megaterium, Escherichia coli), antifungal (Microbotryum violaceum) and algicidal (Chlorella fusca) properties and compared with a set of controls (penicillin, nystatin, actidione, tetracycline). 0.05μg of the test or control substances dissolved in acetone at a concentration of 1 mg / ml were applied to a filter disc and sprayed with a suspension of the respective test organism. Radii of the zones of inhibition were measured in mm. (1) Colorless crystals. [24] , fullmatrix least-squares refinement [24] with 2182 independent reflections based on F² and 200 parameters, all but H atoms refined anisotropically, H atoms from difference Fourier maps refined with riding model on idealized positions with U = 1.5 U iso (O and methyl-C) or 1.2 U iso (C). Compound 1 crystallizes in the noncentrosymmetric space group P 2 1 2 1 2 1 ; however, in the absence of significant anomalous scattering effects, the Flack [25] parameter is essentially meaningless. Accordingly, Friedel pairs were merged. Refinement converged at R1(I>2σ(I)) = 0.052, wR2(all data) = 0.115, S = 0.98, max(δ/σ) < 0.001, min/max height in final ΔF map -0.27 / 0.27 e/Å³. Figure 3 shows the molecular structure.
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Natural Product Communications Vol. 5 (8) 2010 1179 [23] : C 20 H 33 O 4 , Mr = 337.5, tetragonal, space group P 4 3 2 1 2, a = 11.7103(6), c = 25.476(3) Å, V = 3493.5(4) Å³, Z = 8, D x = 1.283 g/cm³, F(000) = 1480, T = 120(2) K. Bruker-AXS SMART APEX CCD, graphite monochromator, λ(MoKα) = 0.71073 Å, μ = 0.087 mm -1 , colorless crystal, size 0.43 x 0.20 x 0.20 mm³, 36217 intensities collected 1.9 < θ < 28.4°, -15 < h < 15, -15 < k <15, -34 < l < 33. Structure solved by direct methods [24] , full-matrix least-squares refinement [24] with 2572 independent reflections based on F² and 221 parameters, all but H atoms refined anisotropically, H atoms from difference Fourier maps refined with riding model on idealized positions with U = 1.5 U iso (O and methyl-C) or 1.2 U iso (C). Compound 2 crystallizes in the non-centrosymmetric space group P 4 3 2 1 2; however, in the absence of significant anomalous scattering effects, the Flack [25] parameter is essentially meaningless. Accordingly, Friedel pairs were merged. Refinement converged at R1(I>2σ(I)) = 0.111, wR2(all data) = 0.246, S = 1.20, max(δ/σ) < 0.001, min/max height in final ΔF map -0.43 / 0.39 e/Å³. Figure 6 shows the molecular structure.
Crystal Structure Determination of Aphidicolin (2)
Computational: All calculations were run using Gaussian'09 package [26] with default parameters and convergence criteria. The input structure for TDDFT calculations was generated starting from the X-ray structure of (-)-1, assuming (4R,5R,8S,9S,10S,12R) configuration, upon optimization with B3LYP/6-31G(d) of the hydrogen atoms. TDDFT calculations were run using various combinations of the hybrid DFT functionals B3LYP, CAM-B3LYP, BH&HLYP and PBE0, and the basis sets TZVP and aug-TZVP [16] . This latter was constructed by augmenting TZVP basis set with a (1s1p1d/1s1p) set of primitive functions taken from the most diffuse functions of aug-cc-pVDZ set [16] . CD spectra were generated by applying a Gaussian band shape with 4000 cm -1 half-height width, corresponding to 30 nm at 275 nm, to dipole-velocity rotational strengths; the difference with dipole-length values was negligible (< 10%) for most transitions using both basis sets.
